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of *e Delation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 

hereby ceffify that annexed hereto is a true ^py of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982 if a company named 

1 080 with the same name as that with which it was registered immediately betore re 

- ™ lusionas ' *e last part of the name of 
"nnbHc limited company - or their equivalents in Welsh, references to the name of the company 
in' mt SfSteaSZ accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p.l.c, 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely ^ 
subjects the c^any to certain additional company law rules. CL 
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Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication or 
communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You will be informed 
if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the United Kingdom, Section 23 of 
the Patents Act 1977 stops you from applying for a patent abroad without first getting written permission from the Patent Office 
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either no direction prohibiting publication or communication has been given, or any such direction has been revoked. 
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e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 



Agent's ref: BP-09-0393 



Composite Collectors 



This invention relates to composite collectors for electrical apparatus. The invention 
also relates to methods of making such collectors. 

Collectors are used to transfer electricity to or from a conductor and to make sliding 
contact with the conductor. 

In the past these materials have traditionally fallen into three categories: - 

• Extruded - A soft mouldable carbon is produced by the mixing of coke and 
graphite with a tar or pitch binder. This material can be extruded through dies and 
a wide variety of cross sections obtained. After extrusion kilning is performed 
resulting in strong porous carbon. 

• Metallised - The porous nature of the extruded carbon can be utilised to perform 
metallisation. Molten metal is forced under pressure into the pores of the material. 
This increases mechanical strength and electrical and thermal conductivity. The 
metal impregnation process is labour intensive and thus costly. 

• Sintered — These are produced by mixing metals and graphite powders that are 
then pressed to shape and heat treated. Electrical and thermal conductivity is 
excellent but mechanical strength is generally lower than in extruded or metallised 
grades. Greater weight is also a potential disadvantage. 

The applicants have realised that a drawback of existing collectors is that their • 
resistivity is determined by the resistivity of the carbon, or for metaUised^or sintered' 
materials, by the metal content and connectivity of the metal. It would be preferable to ", 
have a continuous metal conductor mounted in a tribologically acceptable matrix (e.g. 
carbon). 
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By providing a metal mesh embedded in a tribologically acceptable matrix the 
resultant material will have a low resistivity (due to the continuous electrical path 
supplied by the metal mesh) and high flexural strength (due to the composite nature of 
the material). 

Additionally the complexity of a metal impregnation step is avoided. 

Accordingly the present invention provides a composite electrical collector 
comprising a metal mesh embedded in a tribologically acceptable matrix. 

The tribologically acceptable matrix may be a carbon based material. 

Such a collector can provide a continuous current path through the mesh from the 
conductor to the remote side of the collector, hence the system resistance will be low. 

Further features of the invention are as set out in the claims as exemplified in the 
following description in which: - 

Fig. 1 shows a method of forming a collector according to the invention 
Fig. 2 is a photograph of a product made to the method of Fig. 1 

Composite collectors according to the invention can be made by providing layers of a 
metal mesh and a tribologically suitable material, and pressing the layers to permit the 
tribologically suitable material to merge through apertures in the s mesh and therepy 
form the composite body. ■ f 

For example, as shown in Fig 1, a collector can be formed, under pressure aridheat, 
from a composite material of alternative layers consisting of:- 

a) coke, graphite and a phenolic novolak resin; and 

b) an expanded copper mesh. 

The coke/graphite/resin layers 1 , and copper mesh layers 2 are interleaved and . 
pressed in pressing direction 3. 
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The result is a layered composite material and Fig. 2 shows this. 
Example 



1 . The coke/graphite/resin mix is prepared in the following manner 

2. A pre-mix is prepared by blending the following components in a low-energy 
mixer, such as a 'Z' blade mixer, at ambient temperature. 

Petroleum Coke - Grade Zl 1C(K) from James Durrans & Sons ~ 50% 
Ltd, Sheffield, England 

Foundry Coke - Grade NH358(N) manufactured at Morganite -31% 
Electrical Carbon Limited, Swansea, Wales 

Lamp Black - Grade Z35 from Laporte Pigments Brockhues AG, ~ 15% 
Walluf, Germany 

Graphite - Grade Hart 80 from David Hart Ltd., Alcester, England ~ 5% 

. 3. This material is then mixed in a high-energy Intermixer™ at 70-80°C with the 

following components: - 

• 1 ~77% 
Pre-mix 1 

" Phenolic resin - Grade PR82 from Borden Chemicals Ltd., Sully, ~ 19% 
Wales 

Hexamine - from VWR International, Poole, England 2.0% 
Nylon fibres -from Alpha Electrostatic Flocking Ltd., Kenfig, 2.0% 
Wales 

4. This material is crushed to a fine powder and mixed with propan-2-ol (lOOg solids 
to 25ml solvent) to form a paste (Component 1). 

(N.B. Whilst the composition of component 1 is predominantly carbon based, 
because the metallic mesh provides the electrical conduction path, the interlayer 
' material may be an insulator e.g. ceramic materials or a carbon/ceramic mix with 
the appropriate tribological properties.) 
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5. The paste is then placed onto a surface and rolled flat An expanded copper mesh 
such as Expamet Grade 947 [from The Expanded Metal Company, Hartlepool, 
england] (Component 2) is then placed onto the sheet and a further layer of paste 
applied and spread over the copper. This is then rolled into a sheet approximately 
1 -2mm thick. 

6. The sheets are left to dry at 50°C. 

7. The sheets are then cut to appropriate size. 

8. The cut sheets are then stacked upon each other (the number depending on the 
thickness of the block required) and the required shape is pre-formed by pressing 
in a die at ambient temperature at 1-2 tonnes/in 2 (-1 5-50MPa). 

9. This pre-form is then hot pressed at 1 60°C at 2-5 tonnes/in 2 (30-75MPa) for 5 
minutes to form a solid block. 

10. The block is then further cured by heating at 10°C/hour to 1 80°C. It is held at this 
temperature for a further 2 hours. 

1 1 . The block is kilned by heating at 50°C/hour to 800°C in an inert atmosphere, for 
example of 98% nitrogen and 2% hydrogen. It is held at this temperature for a 

. further 2 hours. 

Typical properties of this material are: - 
Density 1.90gcm" 3 . 

Resistivity <\\x£l.m (in the direction of the copper mesh). 

Fabrication need not involve hot pressing, any route that enables a laminated structure 
to be prepared e.g. rolling can be utilised. For example, the process of extruding sheet 
materials described in WO02/090291 lends itself to the rolling-in of mesh materials 
into a graphite or carbon sheet. 
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After forming the laminated structure, the structure may be impregnated with resin or 
other materials to improve characteristics (e.g. strength, tribological properties etc.) 

Prepared materials have been mounted and tested on a dynamic pantograph test rig 
and have been shown to give comparable wear results to field trials 
i.e. ~10mm/l 0000km. 

The material may be mounted in any conventional manner and may if desired be 
sheathed to protect against delamination or other damage. 
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CLAIMS 

1. A composite electrical collector comprising a metal mesh embedded in a 
tribologically acceptable matrix. 

2. A composite electrical collector as claimed in Claim 1 , in which the 
tribologically acceptable matrix is a carbon based material. 

3. A composite electrical collector as claimed in Claim 2, in which the carbon 
based material is a coke/graphite/resin mix 

4. A composite electrical collector as claimed in any one of Claims 1 to 3 , in 
which the metal mesh is a copper mesh. 

5. A composite electrical collector as claimed in any one of Claims 1 to 4, in 
which the metal mesh embedded in a tribologically acceptable matrix consists 
of a pressed laminated body of matrix material and metal mesh. 

6. A method of making a composite electrical collector as claimed in any 
preceding claim in which layers of matrix material and metal mesh are pressed 
together to form a laminated structure. 

7. A method, as claimed in Claim 6, in which the laminated structure is raised to 
an elevated temperature after or during pressing. 

8. A method, as claimed in Claim 7, in which the laminated structure is kilned 
under an inert atmosphere. 

9. A method, as claimed in any one of Claims 6 to 8, in which the laminated 
structure is impregnated after forming. 
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ABSTRACT 

A composite electrical collector comprises a metal mesh embedded in a tribologically 
acceptable matrix 
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Fig. 2 
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